The in vitro egg hatch assay was used to evaluate the anthelmintic activity of the aqueous leaf extract of Anogeissus leiocarpus against gastrointestinal strongyles of sheep at dilutions of 25, 50 and 100 mg/ml, respectively. In addition, the phytochemical, proximate and elemental contents of the extract were also determined using standard methods. The extract produced dose dependent (60.6, 84 and 97%) inhibition of egg hatch when compared to water control culture (0%). At the concentration of 100 mg/ml, the efficacy of the extract was comparable to 30 mg/ml of levamisole (96.8) but less than 25 mg/ml of albendazole (99.8%). Phytochemical analysis indicates presence of tannins, alkaloids, flavonoids, saponins and cardiac glycosides in the extract while the concentration of zinc, copper and manganese were low, iron and magnesium were moderate and calcium was high. The crude protein content (17%) was also comparable to many browse plants of Northern Nigeria. These results suggest that the leaf extract of this plant possesses anthelmintic activity in vitro and contain some pharmacologically active compounds.
INTRODUCTION
Many Nigerian plants have been documented for their efficacy as anthelmintic remedies (Ibrahim, 1984; Farouk, 1994; Onyeyili, 2000a) . In a study of 18 plants used for treatment of helminthosis in humans and animals in West Africa, six were reported to be efficacious against Nippostrongylus braziliansis infection in rats . The plants include Aloe barteri, Annona senegalensis, Terminalia avicenninoides, Cassia occidentalis, Diespyreos mespliformis and Anogeissus leiocarpus. In a similar study using N. braziliensis, the anthelmintic property of Khaya senegalensis was also confirmed by Umar and Adamu (1997) . K. senegalensis was also reported to be effective against gastrointestinal parasites of small ruminants in vivo (Onyeyili et al., 2000b) . The clinical efficacies of *Correspondence author. E-mail:agaie68@yahoo.com. Tel: +2348035073563. some of these plants (K. senegalensis, A. senegalensis, A. barteri) were also reported in studies conducted in bunaji cattle and local chickens Abdu and Faya, 2000) . Other plants investigated and found to be clinically effective in the treatment of helminthosis include Vernonia amygdalina in cattle Alawa et al., 2000) and Naucleaa lalifolia in ovine nematodiasis (Onyeyili et al., 2001b) .
A. leiocarpus (DC.) Guill and Perr. is a fodder tree occurring in most of the Savanna areas from the driest regions to the borders of forest zones (Ibrahim et al., 1997) . It belongs to the family combretaceae, which comprises of approximately 600 species in 20 genera of trees, shrubs and lianas, distributed in tropical and subtropical countries very often in the savannas (Tan et al., 2002) . They are usually tall trees from 15 to 18 m in Senegal, 22 m in Ghana, and up to nearly 30 m in Nigeria with straight tapering bole, branching from low down, common in places, often gregarious and killing out grasses (Burkill, 1985) . The leaves are alternate, elliptic to ovate, pale green and distantly placed on the stems with barks being scaly, grey and resistant to insects, termites and fire. Flowers and fruits have globose heads with reflexed calyx-lobes. The receptacle (calyx-tube) normally narrows above the ovary and fusing to it. The fruits are flattened, 2-winged, beaked and fruiting head becoming dry and prickly when matured (Burkill, 1985; Ghazanfar, 1989) .
In traditional veterinary care, the extracts of the bark, root and leaves of the plant are used in the treatment of helmintic infection in ruminants, dogs, horses and donkeys (Burkill, 1985; Farouk, 1994; Onyeyili, 2000a) . The efficacy of the seeds/fruits of this plant against N. braziliensis infection in rats has been documented by Ibrahim et al. (1984) . In Sokoto state, Nigeria, the leaf extract of this plant is also been reported to be used in traditional veterinary practice for the treatment of helminthosis (Agaie et al., 2004) .
It is in view of these reports that this study was undertaken to evaluate the in vitro anthelmintic activity of the aqueous leaf extract of A. leiocarpus against gastrointestinal nematodes of small ruminants as well as the proximate and elemental content of the extract.
MATERIALS AND METHODS

Plant collections and identification
The plant material was collected at Shuni in Sokoto State with the help of a traditional doctor, Hajiya Rabi Ibrahim of the Traditional Medicine Unit of the College of Health Sciences, Usmanu Danfodiyo University, Sokoto. The collected plant material was authenticated to be A. leiocarpus by a taxonomist, Mal. Aliero of the Botany Unit, Faculty of Science, Usmanu Danfodiyo University, Sokoto. A set of voucher samples has been deposited at the Department of Pharmacology for reference.
Handling and extraction of plant material
Freshly cut leaves were air dried in the laboratory until when they attained a constant weight and subsequently reduced to coarse powder by crushing in a mortar and finally pulverized into a fine powder using a hammer mill. The powder obtained was sieved through a wire mesh, and thereafter was kept in a cellophane bag and refrigerated at 4°C until used. One hundred grams of the powder was weighed using Metler Pk balance and placed in a three litre flat bottom flask containing two litres of distilled water and boiled for 1.5 h using a hot plate (A. Gallenkamp and Co. ltd, England). The extract was then allowed to cool and filtered through cheesecloth and a pack of cotton wool respectively. The resulting filtrate was subsequently filtered using Whatman filter paper No. 1 into a beaker. The extract was kept at 60°C on a hot plate (A. Gallenkamp and Co. ltd, England) to attained the desired concentration of 400 mg/ml. The concentration of the extract was determined by completely drying off a milliliter of the extract in a crucible. The difference between the weights of the crucible containing the extract was subtracted from that of the crucible alone using Metller weighing balance. The extract obtained was then stored in the refrigerator and used within two weeks of preparation.
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Phytochemical analysis
The aqueous extract of the powdered leaves was screened for possible presence of tannins, saponins, glycosides, flavonoids and alkaloids as described by Harbone (1988) and El-Olemy et al. (1994) .
Proximate composition and mineral content of the extract
The proximate composition and mineral content of the leaf extract of A. leiocarpus were carried out using standard methods (Krishna and Ranjhan, 1980; AOAC, 1990) .
In vitro screening for anthelmintic activity Experimental Drugs
Two standard anthelmintics (Albendazole and Levamisole) were used in the study to compare the efficacy of the extract in preventing egg hatch. Albendazole was used at the dilutions of 30, 15 and 7.5 mg/ml while levamisole was used at dilutions of 60, 30 and 12.5 mg/ml.
Extract preparation
Extracts were prepared as previously described and dilutions of 1:8 (25 mg/ml), 1:4 (50 mg/ml) and (1:2) 100 mg/ml were made from the initial concentration of 200 mg/ml.
Collection of feacal samples
Feacal samples were collected from sheep per rectum into polythane bags and transported to the laboratory for the study from a flock in Usmanu Danfodiyo University Teaching and Research Farm, Dabagi, Sokoto State.
Egg counting technique, feacal culture and larval recovery
Egg counts were performed using modified McMaster technique (MAFF, 1986) while feacal culture and larval recovery was done using the test tube filter paper technique as described by Harada and Mori (1955) .
Egg hatch assay
The anthelmintic efficacy was determined by the egg hatch assay (Kelly et. al., 1981) . The number of hatched larvae at each dilution of the test samples (extract or drugs) was compared with that recorded for water control cultures of the same sample in order to determine the percentage reduction in egg hatch using the test sample (extract or drug). The proportion of unhatched eggs at each dilution of the plant extract or drug was calculated by relating the number of hatched larvae to the number of eggs cultured (MAFF, 1986; Hansen and Perry, 1990) .
RESULTS
The effect of the extract on helminthes using the egg hatch technique indicate that the extract has some anthelmintic activity, as shown by the reduction in eggs hatched when compared to the water control cultures (Table 4 ). The extract produced concentration dependent reduction in egg hatch. At 25, 50 and 100 mg/ml, the reduction in egg hatch were 61, 84 and 97%, respectively. The anthelmintic efficacy of the extract appeared to be comparable to those of albendazole and levamisole at doses of 12.5 and 25 mg/kg and 30 and 60 mg/kg, respectively. The result of the phytochemical screening of the leaf extract of A. leiocarpus is shown in Table 1 . The result showed that the aqueous extract contained tannins, alkaloids, flavonoids, saponins and cardiac glycosides. With regards to proximate composition, the result showed that the dry matter content of the extract was 93.06%, while crude protein and crude fibre presence were 17.31 and 9.67%, respectively. Oil, ash and nitrogen free extracts were present at concentrations of 3.69, 6.94 and 62.39%, respectively ( Table 2 ). The result also indicates the presence of some minerals in the extract. Based on dry matter basis, the extract contains low concentrations of copper, manganese and zinc but high level of calcium. Moderate concentrations of Iron and magnesium were also present in the extract (Table 3) .
DISCUSSION
The in vitro efficacy study indicated that the leaf extract of A. leiocarpus has anthelmintic efficacy against strongyle worms of small ruminants by its ability to dose-dependently prevent helminth eggs from hatching. At a concentration of 100 mg/ml, the efficacy of the extract was comparable to synthetic anthelmintic levamisole at 30 mg/ml and more than 12.5 mg/ml of albendazole. This observation is an indication of the possible usefulness of the plant as an anthelmintic. The result of the anthelmintic activity in vitro is also comparable to other anthelmintic plants such as K. senegalensis, Nauclea latifolia but less than Afzelia africanus, which has been confirmed to have anthelmintic activity in vitro (Onyeyili et al., 2000b (Onyeyili et al., , 2001a Simon et al., 2002) .
The inhibition of egg hatch by the extract of A. leiocarpus could be due to metabolites present in it. For example, condensed tannins which are the commonest of tannins found in forage legumes, trees, and shrubs (Barry and McNabb, 1999) , have been shown to markedly decrease the viability of the larval stages of several nematodes in sheep and goats. Similarly, condensed tannins may also directly react to interfere with parasite egg hatching and development to infective larvae stage (Min and Hart, 2003) . Molan et al. (2000b) demonstrated that condensed tannins extracted from four forage plants reduced the rate of larval development (eggs of L 1-3 larvae) by 91%, reduced the number of eggs hatching by 34%, and decreased the mobility of L 1-3 larvae by 30%. In a study by Fakae et al. (2000) on condensed tannin containing Nigeria plants of proven anthelmintic efficacy, the plants were reported to inhibit nematode glutathione -Stransferase in vitro. They concluded that this process (Bhattacharya and Rao, 1982; Ibrahim et al., 1984; Dano and Bogh, 1993) . However, the mechanisms by which most of these compounds exert their pharmacological activity are yet to be fully elucidated.
The result of the qualitative analysis revealed presence of tannins, alkaloids, flavonoids, and cardiac glycosides in the extract. This is consistent with the findings of Ibrahim et al. (1997) where these secondary metabolites were detected in the water and ethanolic extracts of the leaf, bark and roots of A. leicarpus. Burkill (1985) earlier reported that the leaf of the plant is rich in tannins and also contains saponins. The bark and roots were reported to contain approximately 17% tannins, and significant presence of saponins, sterol and alkaloids. These active principles have been linked with the antimicrobial properties of plants (Leven et al., 1979; Abdurahman, 1992) , and particularly the antibacterial effect of the leaf, stem and root bark extract of A. leiocarpus (Ibrahim et al., 1997) .
Proximate composition of the leaf of A. leiocarpus showed that it has a crude protein content of 17.31%. This is an indication that beside its therapeutic potential, it could also serve as a good source of protein bank to ruminant livestock especially during the dry season. The nutritive value of this plant in terms of its crude protein content is comparable to most browse species documented by Saleem et al. (1979) in the Savanna region of Nigeria. This assertion was corroborated by the report of Yahaya et al. (2000) , which compared the nutritive value of the plant to three other browse species in the arid zone of Nigeria.
Mineral analysis of the leaf extract of A. leiocarpus showed it contains high levels of calcium though within the range reported for many browse plants by Saleem et al. (1979) . Calcium and potassium have been reported to be usually very high in browse plants than other minerals (Dicko and Sikena, 1991) . Moderate levels of magnesium, iron and zinc were present in the extract and this appears to be comparable to the anthelmintic plant V. amygdalina (Ibrahim et al., 2002) however, the concentrations were lower than those present in other plants such as K. senegalensis and A. africanus (Saleem et al., 1979) . The levels of copper and manganese were lower than those reported for other browse plants in Nigeria Savanna region (Saleem et al., 1979) . High levels of any of these chemicals individually could be a cause of toxicosis (Abatan et al., 1997) , and/or beneficial to animals consuming them (Ibrahim et al., 2002) . In general, the mineral content was lower than those reported for some poisonous Nigerian plants by Abatan et al. (1997) , which may further corroborate the safety of the extract.
